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(57) The present owemton is a method and appara- 
tus for aperaUng a gas lurtinfl that includes a catalytic 
contxisior. The catalyst in the catatytic oomtxjstor is 
electrically heated, theietiy initiating catalytic combus- 
tion without preheating the intaKe air. EGminafing the 
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amourti of oxides of nitiogenNO^. especianyalstartup 
and low load con di t i o ns . 
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Doscflptlon 
TMintcal Field 

[0001] This inventron relates to a gas luibine and 
more particulerly to a msffiod d operating a gas tuittne, 
which includes a catalytic combustor. 

Background Art 

[0002] An axia) flow rotary n^chine, such as an 
irxlustrial gas tuibine tor a co-generati^ system or a 
gas turbine engine for an aircraft includes a corr^es- 
eor section, a combustion sectioa and a tuit>ine sec- 
tion. As the working medium gases travel along the flow 
path, the g^es are compressed In the compressor sec- 
tion, thereby causirig the temperature and pres^re of 
the gases to rise. The hot, pressurized gases cue 
burnoJ with fuei In the oonntxisfion sedion to add 
energy to the gases, which eoq^and through the turbine 
section and produce useful work and/or Ihru^ 
[0003] Ihe burning of tiei. however, causes the gas 
turbne to emit undesirable oxides d nib^ogen (NO^J. 
ftegulafions Dmltlng the amount of NO, emissions pro- 
duced by gas turbines has motivated the development 
of certain technotogies such as diluent injection in the 
combusGon section, lean premixed Dry Low NOx (PlNi 
combustion and catalytic combustion. A conventional 
catalytic contxistor typical^ include a precombustion 
2one^ a premlxing zonOp a catalyst zone and a combus^ 
tton zonei The catalyst zone includes a catalytic reader, 
which Includes a catalyst A typical precombustion zone 
includes a preburner. wtiich Increases the temperature 
of the working medium gases in order to initiate and 
nnintain the catalytic reaction t^etween such gases and 
ttie catalyst. In this case, however, the preburner is the 
leading producer of NOx. especially during startup and 
low load operations when the preburner is required. 

Oieclosure of Invention 

[0004] An object of the present invention indudes 
eOmir^ng the pre-combustion zone of a catalytic conv 
bustor in a gas tubine, thereby reducing the pollutants 
created by a gas turbine during operation, espedafly 
during start-up arxl-low toad operation. 
[0009] Accordlrigly the present invention includes a 
method for operatir^ a gas tulalna which oontalns a 
catalytic combustor, wherein such method comprises 
heating a catalyst within the catalytic combustor to a 
predetermined temperature thereby activating catalytic 
con^MJstion of a fuei-air mixtura Such method indudes 
electrically heating the catalyst when the temperature of 
tfie catalyst fialls betow the predetermined temperature, 
namely Lfxxi starting the gas tuitiine and/or peuHal load 
conditions during operation. Electrically heating the cat- 
alyst reduces the intake air temperature required to ini- 
tiate oombustton, tiieretsy reducing and/br elirhinating 



tfie requirement of prehrating ttie intake air. Elimlnaling 
the preburner, therefore, improves the sirrpHcfty and 
control of operating the gas tuit)ina A method of electri- 
cally heating the catalyst indudes connecting a genera- 

5 tor to tiie gas tuibina theret)y generating electricity 
wtiich is directed to a portion of the catalyst when the 
catalyst falls t>eiow the predetermined temperaturei Re- 
directi ng electricity to the catalyst and back into the gas 
turbine prcvkles efficient operatkxi of the gas turbine. 

10 [0006] An addffional or atternate embodim^ of a 
method tor electrically heating the catalyst includes pro> 
viding a portion of the catalyst wfth electrtoity from an 
auxiliary power supply. 

[0007] The present invention furttier IrM^ludes a gas 
IS torbine as specified in daim a Preferably, such gas tur- 
bine oonsiste essentially of the elements (a), (b), (c). 
and (d). 

[0008] The p-esent Invention also includes a cata- 
tyfic combustor oondsting essentiaOy of a premixir^g 

20 zone, a catalyst zone having a catalyst ttierein, a oom- 
bu^ton zone, and means for electrically heating a por- 
tion of the catalyst to a predetenmin^ tenperature. TTie 
catalyst zone is disposed between the prembdng zone 
and the corrtoustion zone. Indusion of tiie means for 

25 heating a portion of tfie catalyst etiminates the require- 
nrtent of a pre-oombustton zone, lherek>y removirtg such 
2on9 and the cause of a significant portion of the poilut- 
ants created when operating a gas turbine. 
[0009] The foregoing and other otijects* featores 

so and advanteges of fhe present Invenlton wiD become 
more apparent in Ggtit of the tollowing detailed deecrfp- 
tion of exemplary embodimente thereof as Oluslrated in 
the aocompanyii^ drawings. 

as Bdef Deecrlptlon of Drawings 

I001Q] 

Fig. 1 is an lllustratkxi of an electric power generat* 
40 Ing system which indudes an Industrial gas tuibine 
engine and generator. 

Rg. 2 is a schematic diagram of a gas turbine of the 
present invention equipped with an electricaily 
healed catalytic combustor. 

46 

Best Mode for Carrying out the Inventton 

[0011] Although the present invention Is descrbed 
in relation to an irKiustrial gas turbine, the present inven- 
60 tion can also apply to any gas turtsine engine applica- 
tJon. 

[0012] Referring to Fig. 1, the electric power gener- 
atir)g system 10 indudes an industrial gas turbine 12 
that drives a generator 14. The generator 14 can be 
65 used to drive local electrical needs or connected to a 
power grid network. The industrial gas torijine 12, how- 
ever, is not limited to driving an electrical generator 14. 
The gas turl^inecan also be used to drive ottier types of 
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10013] Refenrlri9toFig.2.ttidindu8trfaJgastufbfrt0 
12 is axiaDy located along axis (RJ and iTKludes a oor^ 
pressor section 16, a combustion secton 18l a tutbtne 
section 20 and a sttaft 22. The combustion section 18 is 5 
a catalytic comfaiBtor, wttlch includes a premixtng zone 
24. a catalyst zone 26. and a combustion aone 28. 
Intalo m enters the compressor section 16. and fiiel 
enters the premixing zona 24 of the combustion section 
18 through fuel supply lines 30. 32 and mixes wSh the io 
intake air. thereto seating a comftxstible fuel-air mix- 
ture. The fiiel-ajr mixture enters tr»e catalyst zone 26 
where combustion of the mixture is initiated and contin- 
ues to oompielion in tte combustion section 28. thereby 
adding eneigy to the worf4ng medium ga& The lurbfrte is 
section 20 includes a turbme, indicated by lines 42, 
which rotates as the heated gas expands throus^ this 
sedioa The tutine 42 is connected to one end of the 
shaft 22. which transmits powa^ to the conpressor 54 
and the generator 14. When tiie tuitxne 42 rotates, the 20 
shaft 22 also rotates, thereby enabfing the generator 14 
to produce electricity, which travels along lines 44. 
[0014] The catalyst zone 26 includes a catalytic 
reactor 40 and a temperature sensor 36. The catalytic 
reactor40 contains a oeiamioor metal honeycomb ca^ £s 
alyst matrix, which may be wash-coated with alun^a. 
stabilized alumirw or a simBar catalyst substrata The 
wash-coated catalyst substrate Is orpregnated with an 
active catalyst material, such as one or more of the pre- 
cious metals or a combinatton of precious metals that so 
are capable of mthsianding the combustion tenperar 
ture of the catalytic reactor. Certain types of precious 
metala that are caialytically active and cepable of wHh- 
^andir)g elevated temperatures include platinum, palla- 
dium, and rtiodum. 35 
[OOiq Upon sensing that Ihe temperature of the 
catalytic reactor 40 is less than a predetemnined tem- 
peraturey tf)e temperature sensor 36 delivers a signal 
along fine 52 to the oontroller 38. The controOer 38, in 
turn, delivers electric cunent via tines 50 to the catalytic 40 
reactor 40. thereby elevating the tenperature of at least 
a portion of the catalytic reactor 40 to the predeter- 
mined temperatura It is preferable to elevate the tem- 
perature of the portion of the catalytic reactor 40 
nearest the premixing zone 24, which is referred to as 45 
the inlet portion, in order to initiato catalytic combustion 
as early as possible within the catalytic reactor 40. The 
predetermined temperature is dependertt upon the type 
of catalyst, the type of luel arxJ the fuel-air composition. 
The predetermined temperature, however, is a tmper- 60 
atue at or above tfie catalyst 6ght-ofl temperature^ 
wherein the catalyst lights temperature is a tenpera- 
ture sufficient to Initiate and maintain catalytic combus- 
tion. Maintaining at least a portion of the catalytic 
reactor 40 at the predetermined tenperatura ensures 6b 
that the fuel-air mixture wiD combust %vithin the conr^xis- 
lion zone 1 8. The h^t generate by the conttxjstlon. in 
turn, increases the tanperalure of the catalytic reactor 



4a thereby sustaMng catalytic oombustioa 
[0016] The tenperature sensor 36 senses the tem- 
perature of the cataVtic reactor 40 and sends a signal to 
controtier 38 alorig Ibe 52. I^xyi sensing ttmt the cata- 
lytic reactor 40 has attained the predetermined tenper- 
ature, the controller discontinues or reducee 
modulates} tie amount of eleclffcBy delivered to«)e cat- 
alytic reactor 40 as neoessaiy to mafntafri the catalyst 
temperature at or above the predetenmined tempera- 
ture. If the catalyst matrix of the catalytic reactor 40 is 
oondructed of ceramic then the electric cunent wOl 
have to be applied to an electricaDy conducting material 
w&hin or on ttw ceramic. If the catalyst matrbc is oorv 
stftjcted of metal, then the electric ourent wiO be 
applied directly to the Buppnt stnjcbjra 
I0O17] The controller 38 is capable of receiving 
electrtoi^ from kxith the generator 14, along fines 44 
and 46. and an auxaiary power apply 34 (e.g., auxifiary 
generator) along lines 48. At start-tp and at low load 
corxiSions, the gen^ator 14 may not produce a aiffl- 
tient amount of electricity to heat the catalytic reactor 
40 to the predetenra'ned temperature due to the lack of 
rotational shaft speed. The auxilary power supply 34, 
therefore, provides the controller 38. along fin^ 48 witii 
additional electricity during such operatir^ condlficns. 
The controOer 38. in turn, furnisfies the catalytic reactor 
40 with the necessary power to maintBin the catalytic 
reactor 40 at tfie predetemuned tenperature until the 
generator 14 independently produoes a sufHcient 
amount of electricity to maintain tfw temperature of the 
catalytic reactor 40 above the predetermined tempera- 
tura Re^lirecting the electricity generated b/fte gener- 
ator 14 to the catalytic reactor 40 provides tor an 
efficient co-generation system 10. 

Claims 

1. A method for operating a gas tuitsine, the gas tur- 
bine extending axlally and having an upstream end 
and a downstream end, a compressor section, a 
catalytic combustor section and a turit)ine section, 
the corrpressor section k>eing relatively toward the 
ipstream end. the turbine section fc>e^ retatively 
toward the downstream end, the catalytic combus- 
tor section disposed between the oompressor sec- 
tion and tie turt^ine section, the catalytic combustor 
section having a premixing zone, a catalyst zone 
and a oontt>ustion zone, the premixing zone being 
relatively toward the compressor section, tfie com- 
bustion zone being reiativ^y toward the turi^ine 
sectior^ the catalyst zone disposed between the 
prernlxtng zone and tfie combustion zone and hav^ 
ing a catalyst thereia comprising the steps of : 

(a) Introduce intalce air into tiie corvpressor 

section; 

(b) allowing the intalce air to enter the rnbdng 
zone of the catalytic combustor section; 
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Cc) cntroductng fuel into the mbdng zone and 
creating a f uekur mixture wHch enters the cat- 
alyst zone; and 

(d) heating at least a portion of the catalyst to a 
predetamfned t^rpaiature. ih&db/ fnitiatfng 5 
catalytic comtxistion of ihe fuel-air mixture. 

The method of claim 1 further comprising the step 
of heating the portion of the calalysk to eaid prede- 
termined tenperature when the tenperature of the io 
catalyst falls belcw the predetermined temperatura 



The method of daim 1 or 2, wtterein the ^ap of 
heating the portion of the catalyst comprfses eleo- 
tricafly healing the portioa 



The metfliod of claim 3 wherein the step of tiectri- 
cally heating a portion of the catalyst comprises the 
deps Gf connecting a turbine, within the lurt)!ne 
section, to a shaft; rotating the turt)ine and the 
shaft: generating electricity from the rotating stiaft: 
and directing at least a portion of the generated 
etectridt/ to the portion of the catalyst. 
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t)ine rotate and 

(d) a controller which directs electricity from 
said genefstor to sM portion of said catalyst 
when the temperature of said catalyst is less 
than sgM predetermined temperature. 

The gas turtiine of claim 6 or 7 wherefri said means 
for hating comprises an auxiGary electrical power 
supply and a contrdler which directs electric^ from 
said auxiOary electrical power supply to said portion 
of said cataVst when the temperature of said cata- 
lyst is less than said predetemiined tenperaiure. 

The gd& turtiine of any of claims 6 to 8 wherein said 
catalyst is a material from the group consisting 
essenfiaDy of platinun\ palladium and rhodium. 



5. ThemetlKxfofclaim3or4whereintfte8tepofeleo- 2S 
trically heating a portion ol the catalyst comprises 
applying electripty to the portion from an auxiliary 
power 8t|?ply. 

6. A gas turfotne extending axially and having an 30 
i4)strdam end and a downstream end. oomprisir^: 

(a) a compressor section being relatively 
toward the upstream end: 

(b) a turt3ine sec^on being relatively toward the ss 
downstream enxS: 

Co) a catalytic combustor section disposed 
between said c ompre s s or section and said tur- 
bine section. saU catalytic combustor section 
consisting essent»ily of a prembdng zone, a 4o 
catBlysi zone and a combustion zonei said 
premixing zone being relatively toward said 
compressor section, said combustion zone 
being relath^ly toward said turt^ine section, 
said catalyst zone cfsposed between said 46 
premixing zone and said conrAustion zone, 
said catalyst zone comprising a catalyst 
therein: and 

Cd) means for heating at least a portion of said 
catalyst to a predetermirted temperature. so 

7. The gas tuitxne of daim 6 wherein said means for 
heating comprises: 

(a) a turtslne within said turiaine section: £5 

(b) a shaft connected to said turbine; 

(c) a generator connected to said shaft, said 
generator generating electricity when said tur- 
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